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Living’ systems create order from relative disorder. How is this possible 

in light of the second law of thermodynamics which states that "things go SW 
from order to disorder"? If we look at the energy flow through a biological % 
system (e.g. a cell, organ, or organism) we shall see that energy passes through $ < {$ 
the organism from an energy source to an energy sink. (see fig. 1) In order é S 


to quantify this discussion we shall look at the concept of entropy and 
irreversible processes as applied to the intermediary system (say a cell). 

This creation of order may be generalized to biochemical evolution as well 

as the everyday maintainence of life processes, 

Since the second law states that entropy is greater than zero for an irreversible 
pein dS, (the source-sink infinitesimal change in entropy) and dS; (the 


intermediate system infinitesimal change in entropy) are related by the following 


equation; 

ds, +45, > 0 (1) 
or; 

dS? -d5;, (2) 


e the system in figure 1) 
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Therefore the entopy of the intermediate system may decrease in the energy Tiew 
2 
process, That is, the change in internal energy of the system can be written as; 
dU = TaS - Pav sada +Ydes Eju; dn, Jaraa (3) 
TOINE EHT oF Fat 
where the first term is the entropy, followed by surface tension, electrical work, a 
compositional change, tension-length work and gravitational work, This is just; 
a= dQ+aW Gee dQ= TAS (by defn.) (a) 
which is the first law of thermodynamics (conservation of energy (mass)). 
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diy = Week pewe Br SYSTEM INF (wt TESI MAUS) CHANGES 
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dU = INTERNA eweker OF SyJEMm OE ORGANISM. 
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The work terms in (4) (all those to the right of TdS ) are derived from the 
interactions of say a cell with its environment. Most work is obtained from chemical 
energy. in food. Except for energy used in external work (e.g. muscles) all 

energy provided by food is ultimately converted into heat by friction and other 
dissapative processes in the organism, 

The second law of thermodyaamics is not violated in biological systems since the 
ultimate function (thermodynami¢) is to increase the environmental disorder 

at the gain of increased order in the creat It should be noted that 

in irreversible processes (natural way things work) the arrow of time points 
overall to disorder and work must be done by or on a system to maintain its 


4 


relative order, 


IN CONCLUSION: 
Living systems are perturbations in the flow of energy form a state of usability 
to a degraded form, that is, a flow towards disorder. Organisms maintain 
ISORATED Br MEMBRANES C CELL, SEM Erc ) 
order (by work) at the expense of the environment, ,When mechanisms fail to 
maintain this needed level of work they will die (a "heat" death), evolution 
is not in conflict with the second law of thermodynamics when seen in the context 


of an intermediary system. 
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